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I. Quarkonium production
at high energy

In collaborqtion with Jean-Philippe Lansberg and Melih Ozcelik.
Based on JHEP 05 (2022) 083; hep-ph/2306.02425 and ongoing work
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Perturbative instability of quarkonium total cross sections
Inclusive n.-hadroproduction (CSM)

[Mangano et.al., 97,

pp = @ ['SE+X, LO: g(o)+g(p) > e ']

..., Lansberg, Ozcelik,

120

o(y/3pp) = fi(®1, uF) ® fi(w2, tF) ® 6(2),

r2
where z = %

with § = (p1 +p2)2.

Inclusive J/¢-photoproduction (CSM)

[Krémer, 96, ...,Colpani Serri et.al, '21]

~+p — ce [35'{1]] +X, LO: v(q)+g(p1) — cc [35'{1]] +9,

a(/5vp) = fi(z1, 1r) ® 6(n)

where 1 = 55

5—M?

with §

=(q+p)* 2
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High-Energy Factorization (J/ photoproduction)

—1 .
The LLA. (Z Oé: h’ln ) formahsm [Collins, Ellis, '91; Catani, Ciafaloni, Hautmann,
n
'91,794]

. . . i
Physical picture in the. The LLA in ln% =InZ ~In(1 +7):
LLA for photoproduction: 9
ANN———— &IP?SF/O (7]) X
H 147 o]
d .
/ Zy/dq%“lc (#nvqgrlquHU’R)H(yaq%l)a
| 1/z 0
QT:T The strict LLA in In(1+7) = In 2
e stric in In =In5:
ILszszszszszszsvlc;r < ki ! M
~1ln(1
! C O-HéF+n)(77) x

!
!

2000000100009000000000/ .
The LLA(In(1/€)) contains some (N..)NLLA

+ ot
L= = ki =Py contributions relative to the LLA(In(1+7)).
The coefficient function H has been calculated at LO{xnien1, vasin, Saleev, '06]

and decreases as 1/ y? for y > 1.

| oo ®
k+ < k+ 1 P d
ILQQQQQQQQ.QJ 2 1 /dq%lc —’qi—]’/LF’/LR /—y’H(y,qQH)-
1+n Y
0 1/z

428



High-Energy Factorization (7. hadroproduction)

Y, %
ki ’fg g ! ’f"gfl b
fo (2r) e A L R fo (2.r)
~ ———
Pt Cyg(z+,ar1)  HI™(apy.ar2)  Cgqlz-.arz) Py

Small parameter: z = MT2, LLA in " In" ! é:

. [e'e) [e'e] ]\/[ ) ‘
Uz[j b HEF(ZvﬂF,MR) = / dn/dQTldQT2 gi (A—/[T\/zaquTn/iFv/iR)
—oo 0

Mr _ .
><ng (W \/g()' '7’ q%Za HFs UR

)/@H quvqT27¢)
2 M2
0

The coefficient functions H!™ are known at LO in QUs [Hagler et.al, 2000; Knichl,
1g(1,8) 3p(1.8) 3g(8)
0 ’ J ) 1 -

Vasin, Saleev 2006] fOI' m =
The H'™ is a tree-level “squared matrix element” of the 2 — 1-type process:

Ry(qri,q) + R-(ar2,q; ) — ce[m].
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LLA evolution w.r.t. In1/¢

In the LL(In 1/£)-approximation, the ¥ = In 1/¢-evolution equation for
collinearly un-subtracted C-factor has the form:

1
e.ar) =501 - 9otai) +a. [ £ [ @ ke (Ear i)
13

with &s = as(ur)Ca/m and
1

52-26) (e, 2 2.
m(2m)~2k2, + (k) 2wq(ar)

K(k7,q7) =

where wy (q%) — 1-loop Regge trajectory of a gluon. It is convenient to go from
(2, ar)-space to (N, xr)-space:

1
C(N,xr) = /dQ_QGGIT e*Tar /dﬂ? N1 Cla,ar),
0

because:
» Mellin convolutions over z turn into products: f % — %
PRI B
> =0: e
Large logs map to poles at N =0: [ag " " In € — NFF

> All collinear divergences are contained inside C in xp-space.
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Exact LL solution and the DLA
In (N, gr)-space, subtracted C, which resums all terms o« (&s/N)"
(complete LLA) has the form [collins, Eliis, '91; Catani, Ciafaloni, Hautmann, '91,794]:
2 Y99 (N:as)
Yeg(V,as) (q
C(N.ar, ) = Ry (N 225:0) (92 7
ar HF

where 744 (N, as) is the solution of [jaroszewicz, s2]:

Qs .
w7 X(799 (N, @) = 1, with x(7) = 20(1) =9 (7) = (1 =),
where 9(v) = dInT'(y)/dy — Euler’s ¢-function. The first few terms:
B Qs il as

799(N7 aS) - W +2C(3) N4 + 24(5) N6 +...

-
LLA

DLA [Bliimlein, ’'95]

L by Ppg(z = 0) = 254 4
The function R(7) is
R(vgg(N,as)) =1+ O(oz:;).
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Fixed-order asymptotics from HEF
When expanded up to O(as) the HEF resummation should predict the
5> M? asymptotics of the CF coefficient function &
For the v+ g — c¢ [359)] + g we have
1) o) 1) computed 1 — oo limit of the z and
For the g +g — cc [150 3Py, 3P, ] p = p%/M?-differential NLO “scaling
the NLO and NNLO(a2 In(1/2)) terms in functions” in closed analytic form,
¢ are predicted [M.N., Lansberg, Ozcelik 22]:

[m] [m] [m] [m]
State A0 A1 AQZ 322
) 1 —t & %,
35, 0 1 0 n
3 43 2 2 Z 40
Po 1 —2r e +3 = i
il 0 51 ~9 4
3 53 1 11
P2 ! —a3s | 'ty | 'ty ) .
and obtained numerical results for
sl 0 = o[y {Agn]‘s(l -2 NNLO “scaling function” co in front of
N ] ] M2 as In(1+n).
+—2C04 A + A In

+<%)3 nl c? |:2Ag'”] + Bgm]

[m

), M2
+4A1 “In

2

M

- + 24 m? =
HE o

+o<a§)},




Inverse Error Weighting (InEW) matching

Development of an idea from [Echevarria et al., 187 :

a(n) = wer(n)éer(n) + (1 — wer(n))Fuer(n),

the weights are determined through the estimates of “errors”:

A& (n)
wCF(n) = ~—2 S ~—2
AUCF () + AUHEF(U)
> Aécr(n)ds due to missing
higher orde nd large
logarithms, it can

estimated from the as
expansion of égrr(n).

, whEF(n) = 1 — wer(n).

Dinewyg () —— T
6.5x08newyq (N ——

> Adugr(n) is (mostly) due
to missing power
corrections in 1/n:
A&HEF(W) ~ Aﬁ*aHEF We
determine A and aggr
from behaviour of
ber(n) — 6cr(oo) at n > 1.




Matching with NLO
The HEF is valid in the leading-power in M?/3, so for § ~ M? we match
it with NLO CF by the Inverse-Error Weighting Method [Echevarria et.at., 18].

.
n.-hadroproduction,
100 T T T m
z = M2/S cnam.o NLO+HEF, M=3 GeV
vs. subtractive matching,
— 159 1_state
ol 45-7000 GeV g9 107 £ chanets: “‘W.m‘a‘.q‘w‘a,
Lome Sl
_sow | =
H Ll
§ oow? 1 o 0, He g Spt.
2 LO+NLO+HEF subtr. match., g x Sp!. var
g LONLO+HEF InEW match., pg g 5pt. ==

5p
InW matching un(enxmty 4

LOMLOWEE, subtr. matching
L0~MLO‘HEF IV\EW ma(chl"ﬂ
g

wE 1 bt
525
szn\—/
Sist
10
Sosk ]
- e i o0 7 o f o
NLO, S o om e o ew an om om it EF « v [6ev]
. [ crienlo, nLosHEF, M=3 Gev J
| “default scale .
J/'l/) hotoproductlon, 0081352179 Gev? + 20w (D w(2s)
2 2, 0L
n=(5§— M ) /M n:
“"ﬁ‘u":s:z:m«” = [
e %
ES
CTIBNLO, VSy,= 700.0 GeV 7
feran <
*>m E | be,g 5Pt.
z tehing anceriainty

g, ThEW match.; i var =
LOMLOHER . ToE maten, We,p Spt. var, i

[ LOWNLOVHEF, TnEW, n(1en)-resumm. ——
LOWNLOSHEF, TnEW, n(1/E)-resum. —
LOSNLO, 1p=0.869*M, pg=M — ~—

do,p/dinin), b

* L
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Vector quarkonium photoproduction: dynamical scale

Matched results for J/1 photoproduction can be further improved by
noticing that in the LO process:

the emitted gluon can not be soft, so that (5); 5 (~
for J/4p) rather than M? can be taken as a default value of u% and p

o(y+p-3/y+X) [nb]

v(q) + g(p1) = QQ [3S§”] +9,

-res.,

T
NLO+HEF InEW matching, M=3 GeV z<0.9

n(1l+n dynamical scale
L <c(35,l"|>.1 79 GeV3 + 20% (FD y(25))

DF31
NNPDFBlsx nlonllx_as_0118 — -

LO+NLO+HEF, ¢ p Spt. var, =
LO+NLO+HEF, CT18NLO ——
MSHT20;

Mo_as1ls — —
_nlo_as_0118 — -

Exp. data —@—

B

o(y+p-T(15)+X) [nb]
3

25 GeV? at high

/=

NLO+HEF, InEW matchmg, M=9.5 GeV, z<0.9

n( 1+n) res., dynamical scale
<op3s,M)>=10.7 Ge\/z’z 22%I(FD Y(25))+12.51%(FD Y(3S))

LO+NLO+HEF,

MNPmlsx nlonllx_as 0118 — -

M, 5Pt. var. £
CTI8NLO ——

Msmzanlo asllg — —

DF31_nlo_as_0118 — -

14
o012
]
;’; 10

08~

06 - .

10t 10% 102
Vsyp [GeV] Vsyp [GeV]
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II. Beyond DLA:
one-loop corrections to quarkonium
impact-factors
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The Gauge-Invariant EFT for Multi-Regge processes in QCD

» Reggeized gluon fields R+ carry (k+,kr,k+ =0): 0z R+ = 0.

» Induced interactions of particles and Reggeons [Lipatov *95,

’97; Bondarenko, Zubkov ’18]:

L= gistr (Rt (WA ]-W A ]) +(+ o )],

with Wa_ (w4, %7, AL] = Pexp [7_»29_1 jﬁ dm':FAi(mi,m/:F,xT):l =
(1 + 'igsailAi)il.
» Expansion of the Wilson line generates induced vertices:
tr [R.07T A_ + (—ig.) (0T R+ )(A_9-"AL)
+(—igs)* (DT Ry )(A—9~ A_0T A) + O(g2) + (+ + —)] .
» The Eikonal propagators dy' — —i/(ki) lead to rapidity
divergences, which are regularized by tilting the Wilson

lineS frOm the hght-COne [Hentschinski, Sabio Vera, Chachamis et. al.,

’12-°13; ML.N. ’19]:

nf = nf =nl +ral, r <1 k= ntk.
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Ry — cc [1 S([)S]} @ 1 loop

Interference with LO:

Rg couphng dlagrams

:&Kﬁ_

DA A
c
Rg s ¢ ¢ Rg § Rg 10 ¢ R’gg
c c v
> c
gl m L M% Y
- c ¢ c
Agg, g Rgy, 92 Rg, g3 Rg 1 Rgg, 95 4
R
a9
uf,
. &9"97

» Diagrams had been generated using custom FeynArts model-file, projector on
the cc [1558)] -state is inserted

» heavy-quark momenta = pg/2 = need to resolve linear dependence of
quadratic denominators in some diagrams before IBP

» IBP reduction to master integrals has been performed using FIRE
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Rg — cc [15([)1}} and cc [3S£8}] @ 1 loop

c
Interference with LO: M
R

Induced Rgg coupling diagrams:

Some Rg-coupling diagramS' IR+ coe

SRR i e

B o
IMRgm c IndRgu2 C \nngna ¢ Aindggus ¢ A ind gysis
g 9 ¢ ¢
c
I3 g g
‘. c ¢ ;E 0 g 9 &
g 9 c

H Lo Rgﬂﬂ R_gir Aoz A, ng myus A gDu o R.gv RgmIE - g

R

- c
Ind Rg16 R g fgm7 ¢ R g Bgus "R [ L Ind Rgs210
? 'j}>w< M c B m.< GRS
o Qo

Rgigmic  ROoimgme  A9oicRgma  Ador Rgnu Rg o Rgats
gy Ry

g 9 o ¢ 9 ¢ ¢ 9 o . .9 g ) c;ﬁ:““‘
T - e i

\ngIlH mnkgmz mngma Ind. gnu R Ipegigm1s
ROprngms  Agouhmizc  Agoudmsc  Aooerme ¢ Ao ©
c g c
and so on... % W
- g9

R ndgignis ARG ngui7
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Al ////A

i

P
q

dq?
= dy
atq- /
the regularlzatlon by explicit cutoff in rapidity was originally proposed
[Lipatov, '95] (¢& = \/q® + q2 iy, p+ =p =0)

SabPT X CAgf/ Pr

9% (pr — qr)

+

=Js CA5ab

Rapidity divergences and regularization

dd

(p%(nsn_))?
( )P q

2(p—

dq+dq_
9)%qtq’

¢+ o
Y1

dD—QqT

w@(

(y2 — y1) + finite terms
p%)

The square of regularized Lipatov vertex

, 1602., 2
La Dy P = —S0AR f(y),
T
1

rev +ev)2(rev 4+ e v)2’
+oo
[ av s

—1—1logr+ O(r)
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Rapidity divergences at one loop

Only log-divergence ~ logr (

Reggeization of particles in t-channel.

Integrals which do not have log-divergence may still contain the

power-dependence on 7r:

» r7 ¢ —0forr— 0ande<0.
> 7 7¢ — oo for r — 0 and € < 0 — weak-power divergence (

in the table)

> r'T¢ 5 0o — power divergence. (Red)

cells in the table) is related with

cells

(# LC prop.) \ (# quadr. prop.) 1 2 3
L B | ¢4
. =l | B | Cen

The weak-power and power-divergences cancel between Feynman

diagrams describing one region in rapidity, so only log-divergences are left.
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Integrals with massive internal lines

In presence of the linear denominator the massive propagator can be
converted to the massless one:

1 1
— = —+—= —
)+ EO@ —m?) () + k) + 7ig)? | () (+ g ) (& — m?)
= all the masses can be moved to integrals with only quadratic

propagators. New massless scalar integrals with RDs arise(k2 =0,
pP=4m’, p=q+aq,q =0):

B dP1
By (-kk—q) = / [+ — k)21 +k—q)?
dPl
C[+](O,—k,k_Q) = /[Z+]l2(l_k)2(l+k_q)27

dPi
Byy(p. k) = /[[+](l+p)2(l+k)27
dPl

Cralp.koa) = /Uﬂa+mau«?@+mP’

but they have the same complexity as already encountered ones.
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Results: Ry — cc [1 S([)g]} vs. Rg — cc {15[ q 1 loop
c

o} c
C ¢ ¢ c
_———— —— c
Rg Rg RS TRE

Results for 2% [

Hit x Lo(ar)—(On-shell mass CT)

(as/(2m))Hro (aT) }

2\ € 2 2

1al8] . W qr q 19 2np 3

s (&)t (nimen i §) - o
2 €

1al1] 12

Syl | =

° <q2T)

1

! o) - B - |+ Ftaran),
T (&

{_%+l { <ln 7 +25) 2nrp

3 2 2
F M
6 R L )
10 (CF) (Ca)
Fiym(r) = ——nF+§R[CFF 1 (1) + CaF; 17 (7)),
0 9 1S,
(Cr) _ (Cr)
15[?] (r) = Fls([:;] (),
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The Cr coefficient
(Cr) Lo+ L7(1—-27)
F s (r) = T4+1

— - [144L,7% 4+ 144L Ly — 16727% — 7273 4+ 7273 log(2
6(T+1)(27+1)2{ 1T+ 17+ 36L; 6m T T 4+ 727° log(2)

—1567° + 1277 log?(27 + 1) + 1687° log(2) — 24 (377 + 57 + 2) T log(T + 1)
+127°7 — 1087 + 127 log® (27 + 1) + 3log®(27 + 1) 4 1327 log(2)
+18(7 4 1)(27 + 1)*log(7) + 47° — 24 + 36log(2)}

+

y+R->cc[1S078] vs. g+R->cc[1S0"1]

F[CF]
F[CA,1508]
| gEEEE F[CA,1501]

F[CF] vs. F[CA]

qTr2/MA2
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The Cy coefficient for Ry — c¢ [15([)8]}

Co, - 1 2 (—acy (#2 - Lo(r r Loyr(2r — c
Flséglu et Ay (=124 (% = 1) + Lo(r + D@7 + 1) + L77(27 = 3) + L7)
+2L6(r(r((r — )7 — 6) — 4) + 1)}

1
+ {—216L17% — 324L1 7% + 108Ly 72 + 324Lq 7 + 108L,
36(t — 1)(m + 1)3(27 + 1)

5

41207275 460875 — 3670 log?(+ + 1) + 3670 log2 (27 + 1) — 3672 log?(2)

—727% log(2) log(+ + 1) + 21672 log(+ + 1) + 727° log(2) + 2287274 4 1520+
—3067% log? (7 + 1) + 1447% log? (27 + 1) — 30674 10g? (2)

+2527% log(2) log(r + 1) + 43274 log(+ + 1) + 3607% log(2) + 847273 + 608+3
—36073 1og? (7 + 1) + 22575 1ogZ (27 + 1) — 36075 log? (2) + 57675 log(2) log(+ + 1)
47273 log(r + 1) + 7272 log(2) — 1207272 — 121672 — 10872 log2(r + 1)

+17172 log? (27 + 1) — 10872 1og? (2) + 50472 log(2) log(T + 1) — 36072 log(r + 1)
—36072 10g(2) — 72(7 + 1? (272 — 7 — 1) log(r — 1)(log(2) — log(r + 1))

+36(27 + 1) log(r) [~ + 7% log(8) — 677 log(2) + (—7% + 47> + 67 4+ 4) Tlog(r + 1)
—87log(2) — log(27 + 2) + 1] — 18 (275 +177% 42073 + 672 — 67 — 3) log? (1)
—84n2r — 12167 + 1087 log2 (7 + 1) + 637 log? (27 + 1) + 1087 log? (2)

+5410g2 (7 + 1) + 91log2(27 + 1) + 727 log(2) log(r + 1) — 2887 log(r + 1)

— 1447 log(2) — 36 log(2) log(r + 1) — 72log(+ + 1) — 1272 — 304 + 54 log2(2)}
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The C'4 coefficient for Rg — c¢ [15([)1}}

(Ca) _ 1
Flsg}] (r)y = m{Qﬁl (7—2 4o - 2) (r+1)3% 4+~ [21:5 (T(T +1) (Tz - 2) + 1)

[y (72 +r—1) = (L2 + 2+ 1)2) + L6(r(7(6 — (1 — )7) +4) — 1)]
+2L5(r — )(r + 1% + 225 + L7}

- %{6w275 — 3675 1og(2) log(T + 1) + 3672 log(r + 1) log(+ + 2) + 637274
18(1 — 1)(7 + 1)3
—98r% — 6374 log? (7 + 1) + 97 % log2 (27 + 1) — 6372 10g2(2) + 5474 log(2) log(r + 1)
—367% log(T + 1) + 367% log(r + 1) log(r + 2) + 367% log(2) + 1387273 — 196753
—7273 log? (7 + 1) + 3672 log? (27 + 1) — 7275 log?(2) + 14473 log(2) log(r + 1)
3673 log(r + 1) — 7275 log( + 1) log(r + 2) — 3675 log(2) + 187272
—1872 log? (7 + 1) + 4572 log? (27 + 1) — 1872 log?(2) + 10872 log(2) log( + 1)
+3672 log(r + 1) — 7272 log( + 1) log(r + 2) — 3672 log(2)
—18 (a7t 4577 + 72 — 37 — 1) 10g” (r) + 18 10g(7) [+7 log(2) — 7 (log(4) — 2)
4

— 3 log(4) — 2r2(1 + log(4)) — (+* - 473 — 672 —ar + 1) 7log(r + 1) — 7 log(8) — log(4)]

—12072 7 + 1967 + 367 logZ (7 + 1) + 187 log? (27 + 1) + 367 log2(2) + 9log2(+ + 1)
—367 log(2) log(T + 1) 4+ 367 log(T + 1) 4 367 log(7T + 1) log(7 + 2) + 367 log(2)
—36(r — 1)(r + 1)3 log(r — 1)(log(2) — log(r + 1)) — 18 log(2) log(r + 1)

+36log(T + 1) log(T + 2) — 6972 + 98 + 9 log? (2)}
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Ly
L1

Lo

Ly

Ls

L7

\/mln[1_|_27—_,_2\/m]7

(
e=

(

(

1 o1
- Lio [ —= ) — 14
7_)-i- 12(T+1) 12(
1 1 B
Liz 1+7) + Liz (*) + Lip (T
T . s

T+1

27’)+

Lia (3)

1 .
1) —L12

Lip(—2

2 + 12( )

(fﬂ)ﬂirb
2T )

: ! 27 +1
Lio (=2 _ 14 ol
12( T+1) DL (27+2)

21 +1 o241
—Lis | — L, (L2441
12 ( 7_2 ) + 12 ( 27_2

—Lig (T__l) — Lig(—7) + Lia (
2T

LM—%—D—Lu(

2

W
NCENES

1—7—)
T+1

)i

T
VTHVTHT

)

+ Lig(—2)

)riia (3-5) v (-2)
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(8]

Ry — cc [1 So } @ 1 loop, cross-check

In the combination of 1-loop results in the EFT:

QT QT QT

the Inr cancels and it should reproduce the the Regge limit(s > —t) of the
real part of the 2 — 2 1-loop QCD amplitude:

yg->'SPlig @ 1L, sIM2=10%3

Q :
== \ v+ ['50] 4o
8 B — 12IM?=0.01
© -oob T PRIM?=0.1
T . . — =t » The 2 — 2 QCD 1-loop amplitude can be
L, oo ‘ : —um=10  computed numerically using FormCalc
& o : (with some tricks, due to Coulomb divergence)
T R T TR T R E e TR
—t/M? » The Regge limit of 1/e divergent part
Solid lines — QCD, dashed lines — EFT, dotted agrees with the EFT result
lines — —2C4 In(—t/u%) In(s/M?) » For the finite part agreement within few

% is reached, need to push to higher s
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“Monster logs” in the coefficient function
In standard kr-factorisation (or CGC/saturation) computations, where the
o = ®(z,q7) ® H(y,q%) the appearance of asIn"?(q%/u?) for g5 < p? at
NLO for H is a serious problem. Example, Higgs-DIS in the my — oo limit [M.N. '20]:

Q=50 GeV E Q=50 GeV, xg=10" ]
107 E [ 1
g r E 10! | <
g F E
E . 4
s T 1
S E 3100 3
g . q © E E
E " o F ]
w “ _E; L i
. =10t =
10° = E 3
2.0 E—HH R [ ]
TS Er o e . 0% 3
1.0 b= = E 7
05 m’ T R R . %
0.0 Er e — ] ) ] = h e
10 10 103 102 10
qr1, GeV

XB

(look at yellow curves — standard MRK computation, red curves —
computation with modified-MRK ~ “kinematic constraint”)

2
a;fA In? % + (single-log terms).

ar < Q* : H(y,ar) ~ —
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The “Monster logs” at small qr are not scary for the matching
computation

. d,
CTHEF / y/d T1C <— qu HF, IIR)H(Z%QQTl)-

At NLO for H one typically encounters corrections o< a5 In" ](\1/[—22 at

T
Q% < M? with n = 1, 2. Let’s study their effect in N-space (note that
YN = &s/N):

Hg “E 2 2\ TN 2
d n
/qu Cora(N, qT,,up) X &g In" —2 N/ qQT <q—2T) In u—g
ar \HF qr
0 0
(=D =N forn=1 N () forn=1
= s 'YX] o %; for n = 2 Mellin transform dlsd”(l/) forn =2

So these contributions do not belong to NLA inn = (5 — M?)/M? > 1 and
will be removed by the matching!
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Conclusions and outlook

>

The perturbative instability of pp-integrated
quarkonium production cross sections at NLO
comes from the region § > M?

The problem can be solved via matching
of NLO calculation at § ~ M2 and LLA
HEF calculation at § > M?2

The LLA HEF has to be truncated down to
DLA for resummation factors, to be consistent
with NLO DGLAP evolution

The inclusive 7. hadroproduction and J/v
photoproduction have been considered as
examples

The next-to-DLA calculation is needed to
further reduce scale-uncertainties. Both virtual
and real corrections to HEF coefficient function
can be computed within the High-Energy EFT
formalism

The virtual corrections to YR — cg[! S0I¥]]
and gR — cg['S0[!l] IFs had been computed
The logarithms In M? /q% for q% < M? in the

NLO HEF coefficient function will not be a
problem for the matching calculation!

There is a lot to do even at
DLA-+NLO!

[Y.Feng, et al., ’15]
:
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RS S R R e R R RS

CDF data: Run 21

=)
.
T

=== CS, NLO B
————— CS+CO, LO
—— CS+CO,NLO

=)

do/dp,(pp —J+X) x B/ — ) [nb/GeV]

Vs =1.96 TeV
10 L m<o0s
,

L L L L Dt L
4 6 8 10 12 14 16 18 20
pr[GeV]




Mini workshop on overlap between QCD resummations

» 3 day mini-workshop (14-17 Jan. 2024)
in “Centre Paul Langevin” in Aussois
(France), right after “Quarkonia as
tools 2024”

» Indico:
https://indico.cern.ch/event/1290502/

» maxim DOT nefedov AT desy DOT de

Topics:

>

vvyyy

Overlap between small-z and TMD resummations, rapidity divergences
in both cases

Problem of collinear/running coupling logarithms in BFKL
BFKL beyond NLL approximation in N'=4 SYM and QCD
Threshold resummation

From small to moderate x and back

Thank you for your attention!
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https://indico.cern.ch/event/1290502/

Backup: DGLAP P, at small z

LO: ng():2iA+ SN =R
Plot from hep-ph/1607.02153 with my curve (1n red) for the strict LLA:

820 (10 (N)) = 1 = 700 (N) = % +20(3) 2 +2((5) 25 + ...

ag=02, ng=4, QMS
0.4+

<True LL

0.35

0.3

0.25

x ng(x)
o
5]

0 1 1 1 1 1 1 1 1
1 10t 102 10% 10* 10° 10° 107 108 10?
X

The “LO+LL” and “NLO+NLL” curves represent a form of matching between
DGLAP and BFKL expansions, in a scheme by Altarelli, Ball and Forte which is
more complicated than the strict LL or NLL approximation. 29 / 28



~ d4 &6
G 1 2¢(3) 25 +2¢(5) =% +

Effect of anomalous dimension beyond LO

Effect of taking full LLA for v44(N) =
together with NLO PDF.
NNPDF31_nlo_as_118, M=3 GeV

10*

. ¢
4 L0 CF — -
£ L0 CF, Mg-var. 0
HEF DLA ——
HEF DLA, pg-var £X<J
Ll

HEF full LL vgg — —
s

HEF LL Voo, Mprvar

10% ‘ ‘
Vs [GeV]
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